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(3) Rotary electromechanical arrangements. 

@ A rotary electromechanical arrangement has 
two component rotary electrical machines (1,2) 
each with multiphase rotor windings (4,6). The 
rotor phase windings (a,b,c ;d,e,f) of each of the 
component machines are connected together 
electrically in series in distinct pairs. Each pair 
comprises a different phase from each of the 
component machines (1,2). For three electrical 
phases, the rotor phase windings (a,b,c ;d,e,f) at 
each end of the series connections represent 
one of the same and opposite directions of 
rotation. When free-running as a converter, nor- 
mal stator (5,7) voltages here relative propor- 
tionality with applied frequencies. Rotating 
fields in the stators (1,7) have one of the same 
and opposite directions of rotation. 
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The present invention relates to rotary elec- 
tromechanical arrangments including converters. 

BACKGROUND 

There is long-standing and continuing interest in 
improving the performance of rotary alternating cur- 
rent electrical machines, including as to flexibility and 
variation of speed of rotation of a driven shaft Many 
arrangements and combinations of simple machines 
have been proposed. 

One such arrangement is a combination of two 
asynchronous motors with rotor windings and slip 
rings, and the first motor's stator connected to mains 
alternating current supply and the second motor's 
stator connected to the slip rings of the first motor's 
rotor. Such an arrangement is known as two motors 
in cascade or tandem. Four asynchronous speeds are 
available, two corresponding to those of the individual 
motors and another two corresponding to connection 
in aiding (direct) or opposing (inverse) cascade. For 
each available speed it is possible to increase the 
slide band by using a variable resistor (rheostat) con- 
nected to the slip rings. 

Such cascade arrangements were well known 
forty years ago, but have been largely superceded by 
systems such as the "Dahlander" arrangement for 
changing the number of poles, or for continuous regu- 
lation of speed, such as those by "Leblanc", "Kramer* 
and "Seherbius". The inconvenience of using systems 
employing slip rings and collectors means that, these 
days, there is increasing popularity for various fixed 
frequency installations based on electronic compo- 
nents, and for variable frequency using simple motors 
with squirrel cage rotors. 

Related considerations apply to conversion of fre- 
quency or interconnection of supplies of different fre- 
quencies, at least for high and medium power ratings; 
and constant speed frequency changers based on 
electronic components can solve interchange of fre- 
quency for low and moderate power ratings. 

Limitations of simple rotary machines arise for 
low speeds of rotation (for example below 300 r.p.m.) 
as large numbers of poles and thus large diameters 
can necessitate the use of speed multipliers or reduc- 
ers. Similar difficulties arise for speeds above 3,000 
r.p.m. 

It is an object of this invention to provide alterna- 
tive arrangements capable of offering advantages. 

In accordance with one aspect of the present 
invention, a converter comprises two rotary machines 
for multiphase alternating current operation, prefer- 
ably induction or asynchronous machines, with rotor 
windings and mounted relative to a single common 
shaft. Terminals of both rotor windings are connected 
together electrically, phase with phase, conveniently 
forming a closed electrical circuit. Advantageously the 
terminals of both rotor windings can be connected 



together electrically according to two different 
options, one with the same sequence of phases and 
the second option with the inverse sequence of 
phases. Also advantageously, the stators can be con- 
5 nected to two supplies with different frequencies; and 
the connection sequence of the phases can be effec- 
ted in such a way that the rotating fields created in 
each stator are of the same direction or opposite 
directions. 

10 The different operational options then permitted 
offer great versatility in many possible applications, 
some of which are mentioned shortly, without inten- 
tion of being considered in any way limitative, and will 
later be explained in more detail. They include 

15 - Generator motor of variable speed 

- Generator motor with two speeds, asynchron- 
ous. 

- Generator motor with two speeds, synchron- 
ised. 

20 - Controllable interconnection between two sup- 
plies of different frequencies. 
This variety of applications and/or various con- 
structional features has/have many advantages, 
including: 

25 - providing a robust machine having no brushes, 
collectors and slip rings, 

- ready usability in hazardous environments 
often demanding intrinsic safety electrically, 
-for low rotary speeds, designs with diameters 

30 less than for conventional machines, 

- availability of two frequency-speed character- 
istics. 

According to another aspect of the invention, 
there is provided a rotary electromechanical arrange- 

35 ment comprising two component rotary electrical 
machines each with multiple phase rotor windings and 
mounted on a common shaft, the rotor phase wind- 
ings of each of the component machines being con- 
nected together electrically in series in distinct pairs, 

40 each said pair comprising a different phase from each 
of the component machines, and, for three electrical 
phases, the rotor phase windings at each end of the 
series connectors representing one of the same and 
opposite directions of rotation about the common 

45 shaft. 

According to a further aspect of the invention, 
there is provided a rotary electromechanical arrange- 
ment comprising two rotary alternating current electri- 
cal component machines, of substantially the same 

so nominal power mounted with a common axis, and 
each having rotor and stator windings the rotor wind- 
ings of each component machine having the same 
number of phases and being connected together elec- 
trically in series, with each phase of one connected to 

55 a different phase of the other and representing a 
direction of rotation for each rotor relative to the com- 
mon shaft the stators being operative with nominal 
voltages in a free-running state of the arrangement 
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that must maintain between them a relationship pro- 
portional to the relationship of respective frequencies 
applied thereto. 

Specific implementations for embodying this 
invention, are now described, by way of example, with 
reference to the accompanying diagrammatic draw- 
ings, in which: 

Figure 1 is a perspective schematic for mechani- 
cal and electrical connection of two simple rotary 
electric machines, 

Figures 2 and 3 are circuit diagrams for alterna- 
tive electrical connections of rotor windings and 
stators windings, and 

Figures 4 and 5 are circuit diagrams for alterna- 
tive electrical connections of windings including 
for a control machine. 
References used are as follows:- 

1 . First rotary electrical machine 

2. Second rotary electrical machine 

3. Control or pilot electrical machine 

4. Rotor of first electrical machine (1) 

5. Stator of first electrical machine (1) 

6. Rotor of second electrical machine (2) 

7. Stator of second electrical machine (2) 

8. Rotor of control or pilot machine (3) 

9. Stator of control or pilot machine (3) 

10. Common shaft 

20. Changeover switch on the common shaft (10) 
A, B, C - Terminals for respective phases 

of stator (5). 

D, E, F - Terminals for respective phases 

of stator (7). 

G, H, 1 - Terminals for respective phases 

of stator (9). 

(It is to be taken that, if the terminals A, D, G are 
each connected to one phase; B, E, H each to another 
phase, and C, F, I each to the third phase of the same 
three-phase supply, the rotating fields created in the 
three stators 5, 7, 9 would have the same direction 
relative to the common shaft 10). 

a, b, c - Terminals of respective phases of rotor 

(4). 

d, e, f - Terminals of respective phases of rotor 
(6); d', e' f f being other ends of the same windings of 
the rotor (6). 

g, h, e - Terminals of respective phases of rotor 

(8). 

(it is to be taken that relative positions of the wind- 
ings a, b, c of the rotor 4, the windings d, e, f of the 
rotor 6, and the windings g, h, i of the rotor 8 follow the 
same order of rotation with respect to the common 
shaft 10). 

It will be appreciated that the exemplory illus- 
trated embodiments all include two rotary machines 
with three-phase alternating current (1 and 2) of 
induction or asynchronous type mounted on a com- 
mon shaft (10). The terminals (a, b, c) of the winding 
phases of the rotor (4) are shown connected to the ter- 



minals (d, e, f) of the rotor (6) in a correlative order 
dependent on some direction of rotation, leading to 
two possibilities depending on whether the directions 
of rotation chosen for each rotor are the same or 
5 opposite. 

In Figure 2, the connections between phases of 
the rotors (4 and 6) represent the same direction of 
rotation, see (a, b, c) to (d, e, f), respectively. 

In Figure 3, the connection between phases of the 
io rotors (4 and 6) represent opposite directions of rota- 
tions, see (a, b, c) to (d, f, e), respectively. 

A switch can be mounted on the shaft (10) to faci- 
litate selective change from one form of connections 
to another, and can even be operable with the overall 
is machine running, see dashed box (20). 

The nominal powers of the individual machines (1 
and 2) are taken to be approximately the same, but 
numbers of pairs of poles can be different. Preferably, 
relative setting of the rotors (4 and 6) on the shaft (1 0) 
20 is such that, in a certain position of the shaft (10), the 
neutral polar lines of each rotor (4 or 6) coincide with 
those of its respective stator (5 and 7), so as to avoid 
displacement of stator voltages for the same fre- 
quency in both. In practice, for converter, the stators 
25 (5 or 7) can be connected to alternating current sup- 
plies of different frequencies. For the stator (5) con- 
nected to a supply of given frequency and voltage, the 
frequency and voltage of the other stator (7) will vary 
correspondingly or in parallel, greater frequency cor- 
30 responding to greater voltage. 

The connection schemes of Figures 2 and 3 give 
rise to different behaviour/speeds for the same pairs 
of frequency applied to the stators (5 and 7). 

For the rotor windings (4 and 6) connected pha- 
35 se-to-phase according to the same direction of rota- 
tion of the shaft (10), as in Figure 2, the speed of 
rotation of the shaft (1 0) will be equal to the difference 
between the frequencies applied to the stators divided 
by the difference between the number of pairs of poles 
40 of the simple machines (1 and 2). This arrangement 
is called herein a "high speed rotor". 

For the rotor windings (4 and 6) connected pha- 
se-to-phase according to opposite directions of rota- 
tion of the shaft (10). as in Figure 3, the speed of the 
45 shaft (1 0) will be equal to the sum of the frequencies 
applied to in the stators (5 and 7) divided by the sum 
of the numbers of pairs of poles of the simple 
machines (1 and 2). This arrangement is called herein 
a "slow rotor*. 

so Thus far, the stators (5 and 7) have been taken as 

energized so that rotating fields created in them have 
the same direction of rotation. However, it is also 
possible, for each of the two arrangements, namely 
the "high speed rotor" and the "slow rotor, to energize 
55 the stators (5 and 7) so that their rotating electromag- 
netic fields have opposite directions of rotation. Then, 
-the speed for the "high speed rotor" will be 
equal to the sum of the frequencies divided by the 
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difference between the numbers of pairs of poles; 

- the speed for the "slow rotor" will be equal to the 
difference between the frequency divided by the 
sum of the pairs of poles; 

- the direction of rotation of the shaft (10) will cor- 5 
respond to that of the rotating field of the stator (5 

or 7) energized with the higher frequency. 

Any speeding up, specifically accelerating, or 
slowing, specifically braking, of the shaft (10) will 
induce a generator-like reaction, basically as a motor 10 
seeking to maintain a constant speed. 

Effectively, arrangements hereof behave in much 
the same way as a simple induction machine with a 
rotor winding, and whose stator and rotor windings are 
connected to the same pair of frequencies as the 15 
stators of the arrangement hereof; and whose number 
of pairs of poles, for the "slow rotor", is the sum of the 
components of the arrangement; and, for the "high 
speed rotor", is the difference between the numbers 
of pairs of poles of the components of the arrange- 20 
ment. 

It will usually not be necessary, that is for most 
actual applications to have all possibilities available, 
so advantageous simplifications are possible. 

In cases where it is sufficient to use only one type 25 
of connection in the rotor, the rotor switch (20) may be 
omitted. If only the "slow rotor" option is required, the 
component machines (1 and 2) can have the same 
number of poles: indeed, they can be exactly the 
same. If only the "high speed rotor" option is required 30 
the numbers of pairs of poles of the component 
machines (1 and 2) must be different, but the machine 
with the greater number of poles should be connected 
to the supply with the higher applied frequency. 

If one of the stators (5 or 7) can be operated per- 35 
manently in short circuit, the winding of that stator can 
be substituted by a squirrel cage winding. Then, the 
arrangement is equivalent to a simple motor 
generator with a squirrel cage rotor. 

If one of the stators (5 or 7) is to be operated per- 40 
manently energized by direct current that stator can 
be protected with salient poles. Then, the arrange- 
ment is equivalent to a synchronous motor/generator. 

If operation concerns controlling transfer of elec- 
trical energy directly between two supplies of different 45 
frequency, i.e. without conversion to/from mechanical 
energy, it is possible to use a "slow rotor" arrange- 
ment, particularly with a third electric machine (3) 
mounted on the shaft (10) to perform a control func- 
tion. Then, the supplies between which it is wished to 50 
transfer electrical energy are connected to the two 
stators (5 and 7) of the basic arrangement so as to 
create rotating fields having opposite directions of 
rotation relative to the shaft (10). The third rotor (8) is 
connected in series with the rotary assembly of the 55 
basic arrangment so that its rotating field is opposite 
to that of the rotation of the shaft (10), see Figure 4 
and taking the frequency applied to the stator (5) as 



greater than that applied to the stator (7). 

Available control is by delaying or advancing the 
rotor system more or less electrical degrees with 
regard to a free-running condition and according to 
energizing of the third stator (9). In order to minimize 
the power necessary for such control it is desirable for 
the frequency applied to the third stator (9) to be as 
low as practicable. This can be achieved by approp- 
riate choice of the number of poles of each of the com- 
ponent machines for practicability relative to the 
frequencies of the supplies to be interconnected. 

If the frequencies concerned are close to each 
other the speed of the shaft (1 0) tends towards zero, 
and the number of poles required could increase and 
put up the price of the machine excessively. Gener- 
ally, however, the number of poles of the third 
machine is the same or less, starting from a "high 
speed rotor" arrangement Series connection of the 
winding of the rotor (8) is shown in figure 5. The 
stators (5 and 7) are energized so that their rotating 
fields have opposite directions. 

As to possible applications of embodiments of the 
invention, there is functional equivalence to a simple 
rotor winding induction motor, whether of high speed 
or low speed type. Consequently, theoretical appli- 
cations are as for a simple induction and rotor winding 
machine. In practice, each case will be assessed by 
balancing possible extra cost against advantages 
available including: 

- absence of slip rings and brushes 

- inherent applicability in flammable environ- 
ments 

- smaller diameter for a similar speed 
-availability of possible speed options ("high 
speed" and "slow" rotors) 

The following short summary of some appli- 
cations, should not be taken as limitative in character. 

APPLICATION I - Variable speed motor generator 

Speed for a particular arrangement (number of 
fixed poles and type of connection) depends on the 
sum or difference of the frequencies, and it is possible 
to obtain a variable speed by connecting one stator to 
mains (or other) power supply, normally of fixed fre- 
quency, and connecting the other stator to a variable, 
usually lower, frequency. Then, the variable fre- 
quency power necessary can be only a part of the total 
power consumed. 

APPLICATION ll - Asynchronous induction machine 

An arrangement hereof can replace a simple 
asynchronous squirrel cage rotor and that is seen as 
particularly interesting for very slow speeds of rota- 
tion. Then, one of the stators can have a squirrel cage 
winding. 
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APPLICATION 111 - Synchronised machine 
energized by direct current 

An arrangement hereof can replace a synchron- 
ous machine whether for low speed operation or for 5 
operation in hazardous environments requiring intrin- 
sic safety, or both. Then, a stator can be of salient 
poles type. 

APPLICATION IV - Selsyn transmission 10 

A converter arrangement hereof lends itself to 
replace rotor winding motors in synchronised or Sel- 
syn type transmissions, especially for transmission of 
large torques at low speeds or in environments with 15 
an explosion risk. 

APPLICATION V - Cascade etc., connections and 
flexible operation 

20 

Of particular interest, is the "chain" connection of 
several slow rotor arrangements with an overall func- 
tional operation represented by a single notional 
arrangment having a total of poles equal to the sum 
of the pairs of poles of all the output arrangements put 25 
in chain. This characteristic lends itself to application 
in relation to highly variable energy input, and very 
variable speeds, such as apply in collecting wind 
energy. Arrangements hereof can be operational in 
accordance with the mean speed of the wind in an 30 
interval of time, and it would be possible to select, for 
any given period, the best serial-parallel combination 
having regard to the total number of machines at the 
site concerned. 

35 

APPLICATION VI - Controlled interchange of 
electrical energy between supplies of different 
frequencies 

Interconnection between two supplies of different 40 
frequencies using two synchronised machines needs 
a totally rigid coupling in relation to both frequencies. 
If the supplies are of a much greater power than the 
synchronised machines, overload is inevitable if the 
relation between the frequencies of the currents in the 45 
stators is not maintained with complete exactitude. 
Interconnection using an asynchronous motor and 
synchronised generator has flexibility between fre- 
quencies but is not controllable, and increasing the 
transfer of energy inevitably leads to the frequency of so 
the receiving supply diminishing. However, a con- 
verter arrangement hereof with its stators energized 
for opposite directions of rotations allows the power 
transferred between the energizing supplies to be 
controlled by means of an auxiliary machine coupled 55 
to the same shaft and with all the rotor circuits connec- 
ted in series. 



Claims 

1. A rotary electromechanical arrangement com- 
prising two component rotary electrical machines 
(1,2) each with multiple phase rotor windings 
(4,6) and mounted on a common shaft (10), the 
rotor phase windings (a,b,c;d,e,f) of each of the 
component machines (1,2) being connected 
together electrically in series in distinct pairs, 
each said pair comprising a different phase 
(a,b,c,;d,e,f) from each of the component 
machines (1,2), and, for three electrical phases, 
the rotor phase windings (4,6) at each end of the 
series connections representing one of the same 
(Figs.2,5) and opposite (Figs. 3,4) directions of 
rotation about the common shaft (10). 

2. A rotary electromechanical converter, comprising 
an arrangement according to claim 1, wherein, 
when the component machines (1,2) have their 
stators (5,7) connected to supplies of different fre- 
quencies, rotating fields in the stators (5,7) are 
one of the same and opposite directions of rota- 
tion about the common shaft (10). 

3. A rotary electromechanical arrangement com- 
prising two rotary alternating current electrical 
component machines (1,2), of substantially the 
same nominal power, mounted with a common 
axis and each having rotor (4,6) and stator (5,7) 
windings, the rotor windings (4,6) of each compo- 
nent machine having the same number of phases 
(a,b,c;d,e,f) and being connected together electri- 
cally in series, with each phase of one connected 
to a different phase of the other and representing 
a direction of rotation for each rotor (4,6) relative 
to the common axis (10), the stators (5,7) being 
operative with nominal voltages in a free-running 
state of the arrangement that must maintain be- 
tween them a relationship proportional to the rela- 
tionship of respective frequencies applied 
thereto. 

4. A rotary electromechanical arrangement accord- 
ing to claim 3, wherein the component machines 
(1,2) have a different number of poles, and their 
rotor phase windings (4,6) are connected 
together for the same direction of rotation about 
the common axis (Figures 2,5). 

5. A rotary electromechanical arrangement accord- 
ing to claim 3, wherein the component machines 
(1,2) have the same or a different number of 
poles, and have their rotor phase windings (4,6) 
connected in series together for opposite direc- 
tions of rotation about the common axis, respect- 
ively (Figures 3,4). 
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6. A rotary electromechanical arrangement accord- 
ing to claim 3, 4 or 5, further comprising a switch 
(20) that permits selection of electrical connec- 
tions between the rotor phase windings to be, for 

the two component machines (1 ,2), either both for 5 
the same direction of rotation of the common axis, 
(Figures 2,5) or for opposite directions of rotation 
about the common axis (Figures 3,4). 

7. A rotary electromechanical arrangement accord* 10 
ing to any preceding claim, wherein the rotors 

(4.6) are set with respect to said common shaft, 
or a common shaft (10) with said axis, so that 
there is a position of the common shaft (10) where 
neutral polar lines of each rotor (4,6) coincide 15 
simultaneously with those of their respective 
stators (5,7). 

8. A rotary electromechanical arrangement accord- 
ing to any one of claims 1 to 6, wherein the stator 20 

(5.7) of one of the component machines (1,2) is 
to be operative constantly in short circuit, and that 
stator winding is of a squirrel cage configuration. 

9. A rotary electromechanical arrangement accord- 25 
ing to any one of claims 1 to 6, wherein the stator 
(5,7) of one of the component machines (1 ,2) is 

to be operative constantly fed by direct current, 
and that stator is of salient poles configuration. 

30 

10. A rotary electromechanical arrangement accord- 
ing to any one of claims 1 to 5, to be operative as 
a converter, further comprising a third rotary elec- 
trical machine (3) mounted on the common axis 

or shaft and providing a control function the third 35 
machine having the same number of phases of 
rotor windings (g,h,i) as the rotors (4,6) of the two 
component machines (1,2) and being connected 
electrically in series with the rotor phase windings 
(a,b,c;d,e,f) of the two component machines (1 ,2) 40 
but for a rotating field therein that is of opposite 
direction to actual rotation about the common axis 
or shaft (10). 

11. A rotary electromechanical arrangement accord- 45 
ing to daim 10, wherein the stators (5,7) of the 
component machines (1,2) are connected to the 
supplies between which it is wished to 
interchange energy so that rotating fields created 

in them have opposite directions relative to the 50 
common shaft, and the number of poles of each 
of the machines (1,2) is selected relative to fre- 
quencies of the su pplies so that the frequency for 
the third stator (9) can be as low as practicable. 
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